The effect of setting all T=0 two body interaction matrix elements equal to a constant (or zero) in shell model calculations in the f 7/2 region are investigated. Despite the apparent severity of such a procedure, one gets fairly reasonable spectra. It is noted that using V T =0 = 0 in single j shell calculations degeneracies appear e.g. the I = 
I. INTRODUCTION
In the early 1960's single j shell calculations in the f 7/2 region were performed by McCullen, Bayman, and Zamick (MBZ) [1, 2] and Ginocchio and French [3] . In these calculations the two body matrix elements were taken from experiment. However the T=0 neutron proton spectrum in 42 Sc was not well determined. Calculations with correct T=0 matrix elements were later performed by Kutschera, Brown, and Ogawa [4] .
In order to see how neutron-proton two body matrix elements with isospin T=0 affect the low lying spectra of nuclei, we have set them to a constant in a single j shell calculation in the f 7/2 region. We can then write V T =0 = c(1/4 − t 1 · t 2 ) where c is a constant. Hence i<j V
T =0 ij = c/8(n(n − 1) + 6) − c/2T (T + 1). This means that the spectrum of states of a given isospin e.g. T=0 in 44 Ti is independent of what the constant is, it might as well be zero. What the constant is will affect only the energy splittings of states with different isospin. We shall denote this matrix element input as < T = 0 >= 0.
Although setting all T=0 matrix elements to a constant may seem like a severe approximation, it will be seen that one gets a fairly good representation of the spectrum. When the T=0 matrix elements are reintroduced, there is some fine tuning which improves the spectrum.
While the problem of T=1 pairing is better understood and studied, there has nevertheless been a very extensive literature on the possibility of T=0 pairing, both pro and con.
We here include some of the relevant references. [5] [6] [7] [8] [9] [10] [11] [12] [13] In a shell model calculation the effects of both T=0 and T=1 pairing are automatically included. The problem then is to sort out as much as possible the individual effects.
In the next section we will consider calculations in which up to t nucleons are excited from the f 7/2 shell. Of course t=0 corresponds to a single j configuration.
II. RESULTS OF SINGLE J SHELL CALCULATIONS
In the following tables we show T=T min calculated yrast spectra for 43 Ti (Table I) , 44 Ti (Table II) , and 46 V (Table III) where we use 4 different sets of matrix elements. Model I consists of matrix elements from 42 Sc. Model II consists of the FPD6 interaction [14] t=0.
Model III is < T = 0 >= 0 for the 42 Sc matrix elements. Model IV is < T = 0 >= 0 for the FPD6 t=0. Also to gain some insight into how configuration mixing affects our results, in by about the same amount. This is in contrast to most studies in which only the effects of lowering the J=1 + state are studied.
We will point out several features to be found in the tables. We observe many levels that were considerably separated in the 'normal' interaction become degenerate when we go to < T = 0 >= 0. We explore this further in the next section. We find that in general with few exceptions that the odd I levels of 44 Ti and 46 V are at a lower excitation energy when we go to the < T = 0 >= 0 version of the interactions and that the 43 Ti spectra is lowered in total.
III. THE DEGENERACYS THAT OCCUR IN < T = 0 >= 0 AND
EXPLANATIONS
As can be seen from Tables I-III where J p is the angular momentum of the two protons. The interaction matrix element
For even J, T is equal to one while for odd J, T is equal to zero.
The wavefunctions for the Titanium isotopes are written as
where D ± (J p , j n ) is the probability amplitude that in a state of total angular momentum I the protons couple to J p and the neutrons to j n . The elements
It is instructive to look at the energies and wavefunctions (ie column vectors) for the I = ].
When we go to < T = 0 >= 0 what basically happens is that the eigenvalues and
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In order for this to happen the matrix element < [J p=4 , j n= ; 4J)U( ; 6J)
where J is the angular momentum of a neutron-proton pair.
In general J can be 4,5,6,7. However in < T = 0 >= 0, only even J's contribute i.e. J=4 or J=6. In either case one of the Racah coefficients will be U( 
We next consider the degeneracy of I = 9 + and 10 + in 44 Ti in < T = 0 >= 0. It is again instructive to write down the eigenfunctuions as they appear in the NYO report I = 9 I = 10 
We focus on the T=0 states. This makes the life much simpler. Instead of three states each we need only worry about one I=9 and two I=10 states. Note that for I=9 T=0 the state was the simple wavefunction
What clearly happens for I=10 in < T = 0 >= 0 is that there is a decoupling of (6, 4) and (4,6) from (6,6) So that the wavefunctions of the two T=0 states become
and the eigenvalues of the first one becomes the same as that of the unique I=9 state.
We further note that aside from the yrast degeneracies there are other degenerices. For example, the 7 Table VI . When the T=0 two particle matrix elements are set equal to zero the wave functions simplify as shown in the table.
We now begin to see a connections between I = 3 We next make a comparison of full fp results using FPD6 and FPD6 < T = 0 >= 0.
These results for 43 Ti are shown in Table IV .
For I greater than 7 2 every other spin gets its energy raised by a substantial amount when the T=0 interactions are turned back on i.e. for I= Perhaps one striking fact is that when the T=0 matrix elements are set to zero the MeV-only 0.005 MeV splitting.In the more realistic case when the T=0 matrix elements are put back in the splitting increases to 0.770 MeV. But one still has to look hard and in some detail to find the effects of the T=0 matrix elements. We next consider the full f-p calculation for 44 Ti.
In Table V we show the effects of configuration mixing on 44 Ti. As configuration mixing is turned on in < T = 0 >= 0, the formerly degenerate states I=9,10 remain close. Further, the I=3,5 and I=7,8 states which were relatively close in the < T = 0 >= 0 t=0 calculation remain close. Comparing with the FPD6 with < T = 0 > included we see that I=3,5 started close and drifted apart as configuration mixing was turned on while I=7,8 are never close in the presence of nonzero T=0 matrix elements.
Comparing the < T = 0 >= 0 FPD6 with the regular FPD6 for 44 Ti in Table V we see that the odd I states are at a much higher energy when T=0 matrix elements are included.
The excitation energy difference is much larger in a t=4 calculation than in a t=0 calculation.
For example the J=9 state in a full fp is 1.96 MeV higher when T=0 matrix elements are not set equal to zero whereas in a t=0 calculation it is only 0.201 MeV higher. So configuration mixing is important for getting the odd spin -even spin energy difference.
Work on the effect of L=0, T=1 and L=1, T=0 pairing in the f-p shell has already been performed by Poves and Martinez-Pinedo. [16] They start with a realistic interaction, KB3, and study the effects of removing the T=1 pairing the the T=0 S=1 pairing. They focused on binding energies and on the even spin states of 48 Cr. Relative to their work, whose conclusions we certainly agree with, we have made a more severe approximation of setting all T=0 matrix elements equal to zero. The payoff for us is that certain degeneracies appear between states, the deviation of which in the physical spectrum can largely be attributed to T=0 two body matrix elements. Also, we focussed on odd I excited states. The deviation in the physical spectrum of the energies of odd I states from even I is also a good indication of the effects of T=0 matrix elements. 
